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(57) ABSTRACT 

To provide an on-line character recognition system Which 
can recognize hand-Written character patterns correctly by 
normalizing inclination of input character patterns Without 
additional burden to the user, an on-line character recogni 
tion system comprises; a pen-based input device Which 
outputs inclination angle information of its stylus pen 
together With pattern data, a slant angle detector for obtain 
ing a slant angle of the stylus pen representing an angle of 
vertical projection of the stylus pen, a slant angle register for 
storing a standard slant angle, a slant compensation section 
for outputting compensated data set by compensating the 
pattern data making use of the slant angle and the standard 
slant angle, and a character recognition section for recog 
nizing a character from the compensated data set. 

15 Claims, 6 Drawing Sheets 
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ON-LINE CHARACTER RECOGNITION 
SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to an on-line character 
recognition system for recognizing characters input by 
handwriting, making use of a pen-based input device. 

In many conventional on-line character recognition 
systems, the character recognition is performed by eXamin 
ing matches of input character patterns to reference charac 
ter patterns prepared beforehand. Therefore, it is required for 
precise recognition that the direction of the input character 
patterns not be different from the direction of the reference 
character patterns. HoWever, When the input character pat 
terns are hand-Written, especially making use of a small 
tablet of an electronic pocket book, for eXample, the input 
character patterns may often be Written by being inclined 
against the input frame or the tablet, a factor Which degrades 
recognition performance. 

To overcome this problem, some devices for normaliZing 
the direction of the inclined character patterns have been 
proposed, as disclosed in Japanese patent application laid 
open as a Provisional Publication No. 269265/’88 (hereafter 
called the ?rst prior art) or Japanese patent application laid 
open as a Provisional Publication No. 337963/’94 (hereafter 
called the second prior art). 

In the ?rst prior art, a straight line 10, as illustrated in FIG. 
6, is Written by a user before the user begins to input 
characters for indicating his preferred pattern inclination to 
be hand-Written. Along the straight line 10, the user Writes 
an intended pattern 9 of a character ‘A’, for eXample. By 
normalizing the pattern direction, referring the inclination of 
the straight line 10, an on-line character recognition system 
of the ?rst prior art performs the pattern matching of the 
intended pattern 9. 

For indicating the preferred pattern inclination, a rotary 
sWitch 11 of FIG. 7 is also proposed in the ?rst prior art. The 
user manipulates the rotary sWitch 11 according to the 
inclination of the handWritten pattern 9 instead of Writing the 
straight line 10. The on-line character recognition system of 
the ?rst prior art normaliZes the pattern direction referring to 
the rotation angle of the rotary sWitch 11. 

In the second prior art, Which is intended to be applied 
When tWo or more users facing each other input handWriting 
characters using a single tablet, for example, the direction of 
an input pattern are discriminated according to Where the 
input pattern is Written in the tablet or by Which stylus pen 
the input pattern is Written, by preparing tWo or more stylus 
pens. For each input ?eld, or each stylus pen, a character 
direction is preset and the coordinates of the input pattern are 
normaliZed according to the character direction. The char 
acter direction may be discriminated making use of infor 
mation of a beginning point of character strings or an input 
mode designated by the user. 

HoWever, With the inclination normaliZation method of 
the ?rst prior art, the user is forced to Write the straight line 
10 or to manipulate the rotary sWitch 11 for indicating the 
pattern direction, Which is burdensome for the user. 

According to the second prior art, the pattern inclination 
cannot be normaliZed but With the character direction preset 
for each input ?eld of the stylus pen. Therefore, When the 
character pattern is Written differently to the preset character 
direction, it may not be recogniZed correctly, Which is the 
same When the character direction is discriminated making 
use of other information. 
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2 
SUMMARY OF THE INVENTION 

Therefore, a primary object of the present invention is to 
provide an on-line character recognition system Which can 
recogniZe handWritten character patterns correctly by nor 
maliZing inclination of input character patterns precisely, 
With little additional burden charged to the user, by making 
use of information of inclination angle of a stylus pen itself 
used for Writing the character patterns. 

In order to achieve the object, an on-line character rec 
ognition system of the invention comprises; 

a pen-based input device for outputting data of a character 
pattern hand-Written With a stylus pen on an input plane of 
the pen-based input device, and outputting inclination angle 
information of the stylus pen in reference to the input plane, 

a slant angle detector for obtaining a slant angle of the 
stylus pen from the inclination angle information, said slant 
angle representing an angle of vertical projection of the 
stylus pen on the input plane; 

a slant angle register for storing standard slant angle data 
of the stylus pen, 

a slant compensation section for outputting compensated 
data set by compensating the data of the character pattern 
output from the pen-based input device making use of the 
slant angle obtained by the slant angle detector and the 
standard slant angle data registered in the slant angle 
register, and 

a character recognition section for recogniZing a character 
represented by the compensated data set output from the 
slant compensation section. 

There is a substantial correspondence betWeen the direc 
tion of a character pattern and the slant angle of the stylus 
pen With Which the character pattern is Written. When the 
slant angle changes, the direction of the character pattern 
changes substantially With the same degree. Therefore, the 
inclination of input character patterns can be normaliZed 
correctly and a precise character recognition result can be 
obtained according to the invention Without any additional 
burden charged to the user. 

As to the standard slant angle data, it may be pre 
determined according to a statistical examination, or it may 
be obtained from output of the slant angle detector corre 
sponding to the data of a character hand-Written by a user for 
a learning procedure. 
The standard slant angle data may be classi?ed for each 

Writing style classi?cation of users, providing a selector for 
selecting appropriate standard slant angle data to be referred 
to by the slant compensation section from the standard slant 
angle data according to a Writing style of one of the users. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing, further objects, features, and advantages 
of this invention Will become apparent from a consideration 
of the folloWing description, the appended claims, and the 
accompanying draWings Wherein the same numerals indi 
cate the same or the corresponding parts. 

In the draWings: 
FIG. 1 is a block diagram illustrating a ?rst embodiment 

of the invention; 
FIG. 2 is a ?oWchart illustrating operation of the ?rst 

embodiment of FIG. 1; 
FIG. 3 is a schematic diagram illustrating relation 

betWeen inclination angle and the slant angle of a stylus pen 
12; 

FIG. 4 is a block diagram illustrating a second embodi 
ment of the invention; 
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FIG. 5A is a ?owchart illustrating operation of the second 
embodiment of FIG. 4 controlled in a learning mode; 

FIG. 5B is a ?owchart illustrating operation in a recog 
nition mode of the second embodiment; 

FIG. 6 is a schematic diagram illustrating a straight line 
10 to be Written in a ?rst prior art for indicating a preferred 
pattern inclination; 

FIG. 7 is a schematic diagram illustrating a rotary sWitch 
11 to be manipulated in the ?rst prior art for indicating a 
preferred pattern inclination; 

FIG. 8 is a schematic diagram illustrating a character 

pattern of ‘5;’(the ?rst letter of Japanese alphabets) hand 
Written on an input plane of the pen-based input device 1 of 
FIG. 1; 

FIG. 9 is a schematic diagram illustrating a compensated 

pattern of the character ‘35’; and 
FIG. 10 is a schematic diagram illustrating a character 

pattern of ‘5;’ hand-Written on the input plane for learning 
operation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

NoW, embodiments of the present invention Will be 
described in connection With the draWings. 

FIG. 1 is a block diagram illustrating a ?rst embodiment 
of the invention. 

Referring to FIG. 1, an on-line character recognition 
system according to the ?rst embodiment comprises; 

a pen-based input device 1 for outputting data of a 
character pattern hand-Written With a stylus pen on an input 
plane thereof, and outputting inclination angle information 
of the stylus pen in reference to the input plane, 

a slant angle detector 2 for obtaining a slant angle of the 
stylus pen from the inclination angle information, said slant 
angle representing an angle of vertical projection of the 
stylus pen on the input plane, 

a ?rst slant angle register 3 Wherein a standard slant angle 
of the stylus pen is registered, 

a slant compensation section 4 for compensating the data 
of the character pattern output from the pen-based input 
device 1 making use of the slant angle obtained by the slant 
angle register 3, and 

a character recognition section 5 for recogniZing a char 
acter represented by the character pattern data compensated 
by the slant compensation section 4. 

There are pen-based input devices Which can output 
inclination angle information of the stylus pen, Whereof an 
example is a digitiZer named “WACOM UD-Series Digi 
tiZer” and produced by WACOM corporation in Japan. 

FIG. 3 is a schematic diagram illustrating relation 
betWeen inclination angle and the slant angle of a stylus pen 
12, Wherein X and Y-axis represent orthogonal coordinates 
on an input plane and Z-axis represents a normal direction 
of the input plane. 

In the “WACOM UD-Series DigitiZer”, by detecting 
components of a Weak electromagnetic ?eld generated on 
the input plane With coils provided in the stylus pen, 
information of an X-directional inclination angle an (angle to 
the Z-axis of XZ projection of the stylus pen 12) and a 
y-directional inclination angle 2 n (angle to the Z-axis of YZ 
projection of the stylus pen 12) of FIG. 3 is output (n 
denoting n-th sampling timing), in a format as described in 
“WACOM command reference for WACOM UD-Series 
DigitiZer”, vol. 4, page 4. 
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4 
The slant angle detector 2 calculates the slant angle 6”, 

that is, an angle to the X-axis of XY projection 13 of the 
stylus pen 12. 

In the folloWing paragraphs, the embodiments of the 
invention Will be described in connection With examples 
Wherein information of the X-directional inclination angle 
otn and the y-directional inclination angle [3” of the stylus pen 
12 is output from the pen-based input device 1, such as in the 
above described “WACOM UD-Series DigitiZer”. 

HoWever, on condition that necessary information for 
calculating the above slant angle 6” of the stylus pen 12, 
namely, directional information of the Writing hand of the 
user in reference to the input plane, can be obtained together 
With data of the input pattern, any other appropriate pattern 
input device may be applied to the pen-based input device 1 
of the invention. 

NoW, operation of the ?rst embodiment is described 
referring to FIG. 1 and a ?oWchart of FIG. 2. 

The pen-based input device 1 outputs (at step S1) coor 
dinate data obtained by sampling coordinates (Xn, yr) of 
each stroke, or locus, of a character Written by the stylus pen 
12 on the input plane at ?xed time intervals (n=1, 2, . . . , N; 

N being total sampling number of the character), during the 
stylus pen is touching the input plane, together With the 
inclination angle information (an, [3”) of the stylus pen 12 at 
each sampling timing. 
The slant angle detector 2 obtains the slant angle 6” of the 

stylus pen 12 according to folloWing equation (1), and 
calculates an average slant angle 6 for the character accord 
ing to folloWing equation (2) (at step S2). 

(1) 

(Z) 

The slant compensation section 4 calculates a compensa 
tion angle A6 from the average slant angle 6 and the standard 
slant angle 1,0 registered in the ?rst slant angle register 3 as 
A6=60—6, and outputs a compensated data set P={(X‘n,y‘n) 
|n=1,2, . . . , N} of the character pattern by compensating 
each coordinate data (Xmyn) according to folloWing equa 
tions (at step S3). 

(3) 

(4) 

The character recognition section 5 identi?es (at step S5) 
a character from the compensated data set P by Way of a 
pattern matching technique, for example, such as described 
in “On-Line Japanese Character Recognition Experiments 
by an Off-Line Method Based on NormaliZation-cooperated 
Feature Extraction”, by Hamanaka, et al., pp. 204—207 of the 
Proceeding of the second international conference on docu 
ment analysis and recognition, (Oct. 1993). 
As to the standard slant angle 60, the slant angle of the 

stylus pen, Which is statistically obtained When suf?ciently 
large number of users Write characters in correct direction to 
the input plane, is registered in the ?rst slant angle register 
3. There is a substantial correspondence betWeen the direc 
tion of a character pattern and the slant angle of the stylus 
pen With Which the character pattern is Written. When the 
slant angle changes, the direction of the character pattern 
changes substantially With the same degree. Therefore, the 
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inclination of input character patterns can be normalized 
correctly and a precise character recognition result can be 
obtained according to the embodiment Without any addi 
tional burden charged to the user. 

FIG. 4 is a block diagram illustrating a second embodi 
ment of the invention. 

Compared to the ?rst embodiment of FIG. 1, the ?rst slant 
angle register 3 of FIG. 1 is replaced With a second slant 
angle register 8, and a connection sWitch 6 provided betWeen 
the pen-based input device 1 and the slant compensation 
section 4, and a changeover sWitch 7 for changing over the 
output of the slant angle detector 2 to the second slant angle 
register 8 are comprised in the second embodiment of FIG. 
4. 

In the second embodiment, the standard slant angle 00 
registered in the second slant angle register 8 can be adapted 
to a speci?c user by learning his oWn slant angle, Which is 
performed by controlling the connection sWitch 6 and the 
changeover sWitch 7 in a learning mode. 

The connection sWitch 6 is controlled to be open, and the 
changeover sWitch 7 is turned toWards the second slant angle 
register 8, When the on-line character recognition system of 
FIG. 4 is controlled in the learning mode, and they are 
controlled to the other side, When the character recognition 
is performed in a recognition mode. 

The second slant angle register 8 stores the standard slant 
angle 00 adapted to the speci?c user. HoWever, the standard 
slant angle 00 is a reference value and may be prepared for 
each individual user or for each group of users having the 
same Writing style, providing a selector (not depicted in the 
draWings), for example, for selecting a standard slant angle 
00 corresponding to each user or each user group from data 
registered in the second slant angle register 8. 
NoW, operation of the second embodiment is described 

referring to FIG. 4 and ?oWcharts of FIGS. 5A and 5B. 
FIG. 5A illustrates operation of the second embodiment in 

the learning mode. 
For beginning the learning procedure, the connection 

sWitch 6 is made open and the changeover sWitch 7 is turned 
toWards learning side (at step S11) for connecting output of 
the slant angle detector 2 to the second slant angle register 
8. The coordinate data (Xn, yn) and the inclination angle 
information (an, [3”) are eXtracted (at Step S12) and an 
average slant angle 0 are calculated (at step S13) of input 
patterns Written for the learning procedure, in the same Way 
With steps S2 and S3 of FIG. 2, respectively. The average 
slant angle 0 thus obtained is registered in the second slant 
angle register 8 (at step S14) as the standard slant angle 00. 

FIG. 5B illustrates operation of the second embodiment in 
the recognition mode. 

For performing the character recognition, the connection 
sWitch 6 is closed and the changeover sWitch 7 is turned 
toWards recognition side (at step S21) for connecting output 
of the slant angle detector 2 to the slant compensation 
section 4. The coordinate data (xwyn) and the inclination 
angle information ((XmBn) are eXtracted (at step S22) and an 
average slant angle 0 are calculated (at step S23) for each 
input character pattern, in the same Way With steps S2 and 
S3 of FIG. 2, respectively. 

The slant compensation section 4 calculates (at step S24) 
the compensation angle A0 as A0=0O—0 referring to the 
standard slant angle 00 registered in the second slant angle 
register 8 in the learning mode, and outputs the compensated 
data set P, Which is supplied to the character recognition 
section 5 for identifying (at step S25) the hand-Written 
character, in the same Way With steps S3 and S4 of FIG. 2. 
As above described, still more precise character recogni 

tion can be performed according to the second embodiment, 
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6 
by adapting the standard slant angle 00 to the users’ Writing 
style by learning the slant angle With character patterns 
correctly hand-Written by each speci?c user. 

In the folloWing paragraphs, concrete examples of the 
slant compensation and the slant angle learning according to 
the above embodiments Will be described. 

Suppose a user inputs a character pattern of ‘;>’(the ?rst 
letter of Japanese alphabets) as illustrated in FIG. 8, and a 
coordinate data set of 18 samples {(Xn, yn)} (n=1,2, . . . , 18) 
is output together With an inclination angle information set 
{((xn,[3n)} as folloWs, from the pen-based input device 1 of 
the ?rst embodiment; 

{(x.,y.)}={(0,4) (1,5) (2,6) (0,6) (1,5) (2,4) (3,3) (4,2) 
(3,5) (3,4) (3,3) (2,2) (1,3) (2,4) (4,5) (5,4) (5,3) (5,2)}; 

The slant angle detector 2 calculates slant angles 0” at 
each sampling timing according to the equation (1) and 
obtains the average slant angle 0 of the character pattern 
W)’ according to the equation (2) as folloWs. 

{0n}={11.9°, 149°, 145°, 119°, 187°, 121°, 177°, 
206°, 84°, 50°, 106°, 102°, 131°, 29.3°, 192°, 148°, 
105°, 10.6}, 

1 l8 
0: 0,, = 14.1. 

Referring to a standard slant angle 0O=60° registered in 
the ?rst slant angle register 3, the slant compensation section 
4 calculates the compensation angle A0=0O—0=60°—14.1°= 
45.9°, and outputs the compensated data set P as folloWs, 
according to the equations (3) and (4), Which represents a 
compensated pattern of the character ‘i’ as illustrated in 
FIG. 9. 

P={(X‘n,y‘n)}={(2.9, 2.8) (4.3, 2.8) (5.7, 2.7) (4.3, 4.2) 
(4.3, 2.8) (4.3, 1.4) (4.2, —0.1)(4.2, —1.5) (5.7, 1.3) (5.0, 0.6) 
(4.2, —0.1) (2.8, 0.0) (2.9, 1.4) (4.3, 1.4) (6.4, 0.6) (6.4, —0.8) 
(5.6, —1.5) (4.9, —2.2)}. 
The character recognition section 5 performs the pattern 

matching of the compensated data set P. 
Thus, a precise character recognition is performed. 
For learning the standard slant angle 00 of a user, the 

on-line character recognition system of the second embodi 
ment is set in the learning mode, and the user inputs a 

character pattern w’ for eXample, so as not to slant to the 
input plane, such as illustrated in FIG. 10. 
The character pattern is samples at 20 sample timings and 

a folloWing inclination angle information set {(otn, [3,L)}(n= 
1,2, . . . , 20) is output, for eXample. 

{(otn, [3,L)}={(50°, 80°) (55°, 78°) (43°, 80°) (62°, 78°) 
(58°, 78°) (58°, 70°) (52°, 67°) (55°, 64°) (56°, 60°) (48°, 
60°) (50°, 62°) (53°, 72°) (54°, 82°) (63°, 82°) (69°, 73°) 
(54°, 68°) (53°, 62°) (48°, 64°) (55°, 87°)}. 
The slant angle detector 2 obtains the average slant angle 

0=66.0° from the inclination angle information set {(otn, 
according to the equations (1) and (2), Which is 

registered in the second slant angle register 8 of FIG. 4, as 
the standard slant angle 00 for the user. 

Heretofore, the present invention is described in connec 
tion With some embodiments. HoWever, the scope of the 
invention is not limited in these embodiments. For eXample, 
the slant angle detector 2 may output other values such as a 
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least mean square value of the slant angles {6”}, in place of 
the simple average 

or the compensation angle A6 may be calculated according 
to other functions of the standard slant angle 60 and the 
output 6 of the slant angle detector 2, than the simple 
difference betWeen them. 
What is claimed is: 
1. An on-line character recognition system having a 

pen-based input device for outputting data of a character 
pattern hand-Written With a stylus pen on an input plane of 
the pen-based input device and outputting inclination angle 
information of the stylus pen in reference to the input plane, 
said on-line character recognition system comprising: 

a slant angle detector for obtaining a slant angle of the 
stylus pen from the inclination angle information, said 
slant angle representing an angle of vertical projection 
of the stylus pen on the input plane; 

a slant angle register for storing standard slant angle data 
of the stylus pen; 

a slant compensation section for outputting a compen 
sated data set by compensating the data of the character 
pattern output from the pen-based input device making 
use of the slant angle obtained by the slant angle 
detector and the standard slant angle data registered in 
the slant angle register; and 

a character recognition section for recogniZing a character 
represented by the compensated data set output from 
the slant compensation section, 

Wherein said slant angle detector calculates an average 
slant angle of the character based upon a ?xed time 
interval sampling of a plurality of stroke coordinates 
and said inclination angle information of said stylus 
pen at each sample timing. 

2. The on-line character recognition system as recited in 
claim 1, Wherein the standard slant angle data is pre 
determined. 

3. The on-line character recognition system as recited in 
claim 2, Wherein the standard slant angle data is pre 
determined according to a statistical examination. 

4. The on-line character recognition system as recited in 
claim 1, Wherein the standard slant angle data is obtained 
from output of the slant angle detector corresponding to the 
data of a character pattern hand-Written by a user for a 
learning procedure. 

5. The on-line character recognition system as recited in 
claim 1, Wherein the standard slant angle data is classi?ed 
for each Writing style classi?cation of users of the on-line 
character recognition system, and 

Wherein a selector is further provided for selecting appro 
priate standard slant angle data to be referred to by the 
slant compensation section from the standard slant 
angle data according to a Writing style of one of the 
users. 

6. An on-line character recognition system having a 
pen-based input device for outputting data of a character 
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8 
pattern hand-Written With a stylus pen on an input plane of 
the pen-based input device, and outputting inclination angle 
information of the stylus pen in reference to the input plane, 
said on-line character recognition system comprising: 

a slant angle detector for obtaining a slant angle of the 
stylus pen from the inclination angle information, said 
slant angle representing an angle of vertical projection 
of the stylus pen on the input plane, 

Wherein said slant angle detector calculates an average 
slant angle of the character based upon a ?xed time 
interval sampling of a plurality of stroke coordinates 
and said inclination angle information of said pen 
based input device at each sample timing. 

7. The on-line character recognition system, as claimed in 
claim 6, further comprising: 

a slant angle register for storing standard slant angle data 
of the stylus pen. 

8. The on-line character recognition system, as claimed in 
claim 7, further comprising: 

a slant compensation section for outputting compensated 
data set by compensating the data of the character 
pattern output from the pen-based input device making 
use of the slant angle obtained by the slant angle 
detector and the standard slant angle data registered in 
the slant angle register. 

9. The on-line character recognition system, as claimed in 
claim 8, further comprising: 

a character recognition section for recogniZing a character 
represented by the compensated data set output from 
the slant compensation section. 

10. The on-line character recognition system as recited in 
claim 9, Wherein the standard slant angle data is pre 
determined. 

11. The on-line character recognition system as recited in 
claim 10, Wherein the standard slant angle data is pre 
determined according to a statistical examination. 

12. The on-line character recognition system as recited in 
claim 7, Wherein the standard slant angle data is obtained 
from output of the slant angle detector corresponding to the 
data of a character pattern hand-Written by a user for a 
learning procedure. 

13. The on-line character recognition system as recited in 
claim 7, Wherein the standard slant angle data is classi?ed 
for each Writing style classi?cation of users of the on-line 
character recognition system. 

14. The on-line character recognition system as recited in 
claim 13, further comprising: 

a selector for selecting standard slant angle data according 
to a Writing style of one of the users. 

15. The on-line character recognition system as recited in 
claim 1, Wherein said slant angle detector obtains said slant 
angle With reference to information in a three dimensional 
coordinate system, said coordinates being selected using an 
X axis, a Y axis, and a Z axis. 


